58 5 Vol. 58, No. 5
2000 10 ACT A METEOROLOGICA SINICA Oct. , 2000

( LAPC, , 100029)
11 . >
Betts
2
3
o
D) ( D)
) ) ]
[1]
( ) ;
Ql Qz.
2
2
* 11998 4 15 : 1998 7 22
49794030.

e : s 510275.



597

[2]

[3.4]

km7 . 1 km ,108

. Lipps Hemler'”, Tao "
[6]

2
,Xu 12l

[7]

Krueger'®
w(z) :
%Z‘ug-wg—?—u‘)§+ Se+ De
%f: o %c__ w %]z'— w %f+ Si,+ Dy,
Se S, Do Dy
[7]
9 14
X :
2
%: [%] maxCOS g[;z__zlj 21 x< x2
0 X< X1,X> X2
®
Q) ma :

5 min ( )

500



598

58
-0.5K 0.5K ,
3
11 , WEFNOS
20 T T T 20. T T T T
E ]
&
PR
W {em/s)
1 WEFNOS () ()
WEFNOS GATE (  nten
M arshall Lt
120 , 1 km, 37 , 0.5km,
120 km., 18.5 km. e
, 2, 10s. 8 h. WEFNOS
Smin 35 min X1= 65 km,
X2= 85 km, 20 km, 0.015 K, 250
m 2250 m, 250 m.
10 :
(1) WEFNOSI, WEFNOS,
(2) WEFHAS, WEFNOS,
GATE 1974 9 11 tor,
(3) WEFN 05240, WEFNOS, 240 km.
(4) WEFHAS240, WEFHAS, 240 km.
(5) w15, WEFNOS, X2= 80 km, 15 km.
(6) w10, WEFNOS, X2= 75 km, 10 km.



599

WEFNOS,

WEFNOS,

WEFNOS,

WEFNOS

WEFNOS

15 T T T
]
= \/
—150 . i L !
120 90 60 30 0
2 WEFHAS
70m1n D)

(7) wo7,
X2=72km,
7 km.
(8) WwO0s5,
X2= 70 km,
5 km.
(9) w03,
X2= 68 km,
3 km.
( 10) W00,
4
3 ;
23 km
120
80—
g0
-
40 —
o3
4
(WEFHAS),
480 min
min

BO

3

160

240
B 18] (run )

WEFNOS

(WEFNOS, WEFNOS1),
( WEFNO0S240, WEFHA $240)

. 300 min

B

B

B

200 min

480 min

2

B

200 min

100, 200, 300
100



600

58

29 — 24 r T T r r
— WEFNOS - a1 | —WEFN - b]
l— WEFNOSI - {1 | —wWEFNGS) o 1
- WEFHAS - E | == WEFHAS -
15 F— WEFNOS240 - d 15— WEFNOSz240 - ]
- WEFHASZ4D N 14°[ ~- wEFHAS210 !
; 3 1 |
=10 = 1a} l -
N N 1 [ |
B, 1 T |
5 = 4 sF .
S 1 I ]
ol e T 2 7Y S 1
20— 20— T
[ F e | . WEFNOS ]
WEFNOSI f 1 | = wemios: ]
[~ WEFHAS B J | -- WEEHAS ]
15]= WEFNOSz20 [ 15 f— WEFNOSz40 ]
[~ - WEFHAS240 i 117 [ —- WEFHAS240 |
~ [ E 11 i
£ o silly ;
N L 1 [ ]
5 4 sk -
[ § 1 r
/-’f"-ﬂ C 1 [ -
L I sk
o - L N ) . L n Il L
20 — 20 T " -
L WEFNOS L €] — WEFNOS i
T WEFNOSL L il — ~WEFNOS1 1
[~ WEF B 1} -- wEFHAS 1
15 [ WEENDS249 L ] 15l - WEFKGS240 .
—- WEFHAR240 B —- WEFHAS240 ]
Eiof - 10 ]
[ ]
S 1 s b
oL - ) S
20 —————— — P 20 ———— .
l—— WEFNOS L {1 | — WEFNOS 8
—%FNO‘Sl - e W‘EFNOSI E
15 WEFMOS240 - 15— WEFNO 240 —
(- - WEFHAS240 [ 1] *?[ = WEFHAS240 ]
~ [ E 1 L ]
Eof Jwok .
bl = . - -
N | A ] | J
= = 1 sk _
oL f//' 1 5L ]
=7 0 7 =5 0
B kg™ BECC)
4
(a 100 min 3 b. 100 min ; ¢- 200 min 3 d- 200 min H
e. 300 min ; £.300 min ; g. 480 min ;5 h. 480 min



5 601

1201 . . . - . . . —
E 80
5 .

#® [
&40 1T

12?1‘ T . — T e
’é‘ 80_*

e L
o[
B 40
0: s :

120 ' : . - 7
Pl e S
R =D ———

B[ g
Ei}ﬁ_‘ gonﬁ‘fl T —
I Q Y i ' '
0 81 160 Elzﬂﬂzltlglin) 320 400 480 o 80 160 H1|h'?z(lgnn) 320 400 A8
5
(a- W 15; b. W 10; ¢. wO07; d. WO05;e. wO03; f. W 00;)
R 5 15
km (WI15), 18 km. W10 ,
, 80 min, 100 min
) , 200 mm 260 min
, , . W07
W05 w03 . W00
. s 180 min 7 , 10
km , , 0.1l mm- h " grid” |
0.03 0.09 mm- h '~ grid .
, Ll . 6 , 100 min
) ) 200
min ? WOO ’ D)
. 300 min 480 mm ,
0.3 K 480 min

200 min



602

20— 20 T T T T T T T T
[ 2] F [
— WEFNOS { | — WEFNOs -
— w15 {1 | —wis -
= Yoy 1550 o7 i
[~ wo7 di50— B
157 wos 1502 wos
-- Wi -- wol [
-— WO : : — W0y [
Bl o}
3 171
N I
5 - 5 N
0 I L L L L 1 1 1 L L i 0 1 1 i i
20 T ™ L 20 T r T . d
L I ol F [ ]
— WEFNOS I 1 F—WEFNOS I 1
— w15 - 1 F—Wis - 1
R - 1L - -
152 wos C 15— wos 9 ]
- - W3 K 4 [--wo3 -
[— Wao 1 [—ww ]
~
: i il ]
10 HioF -
el 1L ]
- -~ 5 - -
L . N N S S
7 7—5
CHANGQ MIN
— 20 v
el [ ]
] [--wiw ]
15 7]
E 10 .
= I ]
¥ 1 [ ]
45k 1
el L ) O— ]
—TT 20 T T T r r T r r
[ el F
— WEFNOS - 1 [ —WEFNGS
—wi1s - 1 F—WIs
S : g
|- wor - J15k-
15 %os | 1150=- wos
.- Wo2 1 [-- wol
— Wot E 1 [—woo A
Sl q10F = ]
3 1450 i ]
™ A 1 I , ]
51 - 1 51 o -1
0 [ i L L I i [ L L L L L L ] 0 L I L 1 /ﬁ_ 1 I 1 L ]

-3

[ 0
BAEW (kg™ REHE kg™
6
(a- 100 min 3 b. 100 min ;¢ 200 min ; d- 200 min
e. 300 min ; £.300 min ; g. 480 min ;5 h. 480 min

w



5 : 603

10

11

12

13

11

14
Betts Ll : ,

Betts

Kuo Y-H, Anthes R A. Semiprognostic tests of Kuo—type cum ulus parameterization schemes in an ex tratropical convec—
tive system- Mon Wea Rev, 1984, 112(16) : 1498—1509
Xu K -M, Arakawa A. Semiprognostic tests of the Arakaw a-Schubert cumulus parameterization using simulated data. J
Atmos Sci, 1992, 49( 24) : 2421—2436
Lipps F B, Hemler R S. Numerical simulation of deep tropical convection associated with large—scale convergence. J At—
mos Sci, 1986, 43(17) :1796—1816
Tao W XK, Soong Sd'. The study of the response of deep tropical clouds to mesoscale process: Three-dimensional nu—
merical ex periment. J Atmos Sci, 1986, 43(22): 2653—2676
Tao W K, Simpson J Simpson, Soong S-T. Statistical properties of a cloud ensemble: a numerical study. J Atmos Sci,
1987, 44(21): 3175—3187
Cotton W R, Anthes R A. Storm and Cloud Dynamics. A cademic Press. 1989, 883pp
, s . . , 1990, 14(4): 441 453
Krueger S K. Numerical simulation of tropical cumulus clouds and their interaction with the subcloud layer. J Atmos
Sci, 1988, 45( 16): 2221—2250
Fu Q, Krueger S K, Liou K N: Interaction of radiation and convection in simulated tropical cloud cluster. J Atmos. Sci,
1995, 52(9) : 1310—1328
Sui C H, Yanai M - Cumulus ensemble effects on the largescale vorticiy and momentum fields of GATE . Part I: Ob—
servational evidence- J Atmos Sci, 1986, 43(15): 1618—1642
Yanai M, Chu JH,Stark T E, et, al- Response of deep and shallow tropical maritim e cumuli to largescale processes-
J Atmos Sci, 1976, 33(8) : 976—991
Klemp J B, Wilhelmson R B- The simulation of three—dimensional convection storm dynamics- J Atmos Sci, 1978, 35
(12):1070—1096
Arakawa A,Schubert W H. Interaction of a cumulus cloud ensemble with the large-scale environment. Part I. J At-

mos Sci, 1974, 31( 6) : 674—701



604 58

14 Betts A K, Miller M J- A new convective adjustment scheme. Part  : Single column tests using GATE wave,

BOMEX, ATEX and arctic airmass data set. Quart J] Roy M eteor Soc, 1986, 112(3) : 692—709

A MODELING STUDY OF THE EFFECTS OF
THE CUMULUS ENSEMBLE ON THE
ATMOSPHERIC STRATIFICATION

Lin Wenshi Chen Hui Xu Huaying Huang M eiyuan
(LAPC, Instiute of Atmospheric Physics,Chinese A cademy of S ciences, Beijing, 100029)

Abstract

A two-dimensional compressible cumulus ensemble numerical model has been devel-
oped. Inthe model a given horizontally uniform and time-independent large—scale forcing ve—
locity is imposed. T he effect of the large-scale forcing updraft is included only in the equa—
tions for potential temperature and water vapor. Cumulus ensemble was initialized by the
combine of a cool pool and random disturban ces.

Eleven numerical experiments are made under different conditions. Results show that
under the condition of the given initial temperature and water vapor sounding and large-scale
forcing, the cumulus ensemble causes the vertical profile of temperature and water vapor
mixing ratio to adjust toward a common profile with different types of initial and random
disturbances, whether having horizontal environmental wind shear or not, different model
domains and different spectra of cloud sizes. T hese results show the atmosphere approaches
the quasiequilibrium state that mainly depends on the mitial sounding and the large-scale
forcing. All these calculations agree with the idea of Betts” scheme of cumulus param eteriza—
tion.

Key words: Cumulus ensemble model, Atmospheric stratification, Cool pool.



